recognized by splicing factors. Legrain described an exhaustive mutagenesis of the branch point consensus sequence, analyzed using an in vivo assay system, which showed that certain base substitutions could difOne of the most interesting formats for a scientific meetferentially affect the splicing of pre-mRNA and its transing involves bringing together researchers working in port out of the nucleus. Although base pairing at the overlapping or closely related fields where the opportubranch point between the pre-mRNA and U2 snRNA nity can arise for cross-fertilization and exchange of is essential for splicing, it is apparently not linked to ideas. This was the aim of the recent workshop on mRNA retention of unspliced pre-mRNA in the nucleus. Legrain processing, transport, and translation held at the Juan reported that mutational data also point to an important March Foundation in Madrid on March 11-13. All the RNA-protein interaction taking place at the nucleotide fields represented shared a common interest in studying immediately upstream of the branch site consensus, the synthesis, maturation, transport, stability, and funcwhere a U residue is moderately conserved. B. Seraphin tion of mRNA. The presentations included talks on char-(EMBL, Heidelberg) described how the mechanism for acterizing the machineries involved in splicing, polyadeselecting the precise site of cleavage at the 5Ј intronnylating, and translating mRNA; how RNAs and proteins exon junction involves a complex network of snRNAare transported into and out of the nucleus; how postpre-mRNA base pairing. First, the region to be cleaved translational mechanisms can control gene expression; is selected by base pairing between the 5Ј terminus of and how RNA mechanisms are involved in virus-host U1 snRNA and the pre-mRNA. Subsequently, both U5 interactions. The venue was ideal, our hosts were generand U6 snRNAs participate in selecting the exact bond ous and helpful, and the outcome was a tremendously to be cleaved by base pairing to the pre-mRNA. Seraphin stimulating meeting where every talk was followed by pointed out that there may be some redundancy in this an in-depth, open discussion, usually lasting 10-15 mimechanism, as certain point mutations at the 5Ј splice nutes. Many of these discussions resumed in the evesite that alter splice site choice can be suppressed by nings over Tapas and, as it is the Spanish custom to introducing mutations into either U5 or U6 snRNAs that dine late, continued into the small hours. We hope that affect their potential base pairing interactions with the the Juan March Foundation will decide to stage a repeat pre-mRNA. performance in the future.
Like its yeast counterpart, human prp18 protein is reis whether other minor snRNAs are also in the ATAC spliceosomes and playing the role of U4/U6 snRNP. It quired for the second catalytic step of the splicing reaction. Either the yeast or human prp18 proteins will is also unclear just how many protein splicing factors will be shared by the two forms of spliceosome. Spliceocomplement a HeLa splicing extract that has been immunodepleted of endogenous prp18, although the husomes purified from extracts containing two distinct forms of U1 snRNA, which differ in the sequence of their man gene will not complement a yeast prp18 mutant in vivo (A. Krainer). A conserved family of protein splicing loop B regions, were reported to contain disproportionately more of the U1b variant (M. Bach, Barcelona, factors found in Drosophila and human cells share a dipeptide repeat motif consisting of alternating serine Spain). It therefore appears that spliceosome structure may be more heterogeneous than was previously and arginine residues (reviewed by Fu, 1995). These "SR" proteins are involved in both constitutive and alterthought. A. Lamond (University of Dundee, Scotland) reported a collaborative project by the groups of Lanative splicing mechanisms and the family can be subdivided into two groups, typified respectively by the promond and Mann to systematically identify all the proteins in the mammalian spliceosome. This project takes teins SF2/ASF and SC35 (A. Krainer). These two groups of proteins differ in their substrate specificity in constituadvantage of the powerful new developments in nanoelectrospray mass spectrometry (Wilm et al., 1996), tive splicing and in their mode of activating alternative splicing. Krainer reported that the analysis of chimeric which facilitate mass and sequence analysis of purified proteins in levels as low as 0.1 pmol. In combination proteins, formed by swapping domains from SF2/ASF and SC35, has shown that the substrate specificities with the rapidly expanding database of EST clones, it is hoped that this approach will accelerate the characof the proteins correlate with the presence of specific constituent domains, particularly the RNP motif RNAterization of new splicing factors and make the clones available for future detailed functional studies (A. binding domains (RNA recognition motif). However, because different SR protein modules appear to be imporLamond). By far the most lively discussion at the meeting was tant with different substrates, Krainer noted that this analysis has not so far uncovered any simple rules for stimulated by the astonishing presentation from C. Milstein (MRC, Cambridge, England), who addressed predicting the substrate specificity of, or the alternative splicing patterns mediated by, a particular SR protein.
the mechanism whereby B cells eliminate mRNAs containing premature stop codons. These stop codons arise J. Valcarcel (EMBL, Heidelberg) presented new data on the function of U2AF, an essential, conserved splicing as a result of the DNA rearrangements that occur when B cells mature in response to antigen. Ig light chain factor that also has SR dipeptide repeats but differs in its properties from SR proteins such as ASF/SF2 and mRNAs containing premature stop codons are expressed at very low levels (Lozano et al., 1994). The SC-35. U2AF has two subunits, both containing SR repeat motifs, and binds directly to the polypyrimidine mechanism responsible for this effect appears to take place in the nucleus and involve an inhibition of splicing tract of pre-mRNAs through RNA binding domains in the large subunit, which do not require the SR motif to of light chain pre-mRNAs containing premature stop codons (Aoufouchi et al., 1996). Milstein reported that bind RNA. However, the SR repeats in the large subunit are required to stabilize the binding of U2 snRNP at the this effect is both cell type-and gene-specific and could be reproduced in a soluble S100 system, which would branch point and mutagenesis shows that (SR)7 is the minimum functional unit of the motif. Valcarcel reported appear to exclude the involvement of intact ribosomes or feedback from the translation system to the spliceothat the arginine can be substituted by lysine but not by alanine, while the serine can be changed to glycine, some. How do B cells screen pre-mRNAs in the nucleus for in frame stop codons? Answering this question is methionine, or threonine without loss of function but cannot be replaced by negatively charged amino acids.
clearly going to be a major focus of future work. W. Keller (Biozentrum, Basel, Switzerland) reported The run of positive charges, which directly contacts the pre-mRNA at the branch site, may stabilize base pairing on progress in studying the mechanism of polyadenylation of nuclear pre-mRNA. This involves a two-step between the branch site and U2 snRNA.
A particularly exciting new development was the remechanism in which the substrate is first cleaved downstream of the conserved AAUAAA motif, then a tail of port from J. Steitz (HHMI, Yale Medical School, New Haven) showing that a novel form of mammalian spliceo-150-250 adenosine residues is polymerized onto the free 3Ј terminus. Addition of the poly(A) tail involves an some containing U5 snRNP and the minor snRNPs U11 and U12, but not U1, U2, or U4/U6, assemble in vitro initial oligoadenylation at the 3Ј end of the cleaved mRNA followed by binding of a protein called PABII and on a minor class of introns (called AT-AC introns) with noncanonical consensus splice sites (Tarn and Steitz, subsequent extension of the tail (reviewed by Wahle and Keller, 1996) . Considerable advances 1996). This confirms an earlier prediction by Hall and Padgett that U11 and U12 snRNPs may substitute for have been made in cloning and characterizing the components of the polyadenylation machineries from both U1 and U2 snRNPs during splicing of AT-AC introns (Hall and Padgett, 1994 Figure 1) . Coiled bodies contain splicing snRNPs, but not the SR family of protein splicing factors, and are located to the cytoplasm through the nuclear pore complex (NPC; Mehlin and Daneholt, 1993; Visa et al., found either closely associated with the periphery of the nucleolus or free in the nucleoplasm (reviewed by 1996). Importantly, the export of hnRNP A1 to the cytoplasm is specified by a nuclear export signal (NES) seBohmann et al., 1995). Lamond reported a combination of mutational data and studies with phosphatase inhibiquence, termed M9, that is found on the protein and is devoid of RNA-binding activity (Michael et al., 1995a, tors showing that coiled bodies can be induced to form within nucleoli and suggested that trafficking of coiled 1995b). M9, a 38 amino acid segment near the carboxyl terminus of the protein, is a transferable bifunctional bodies between the nucleolus and nucleoplasm may be controlled by a protein phosphorylation mechanism. A nuclear transport element that can confer both nuclear import (NLS) and nuclear export activity onto heterolonew class of subnuclear body has been identified that contains the protein encoded by the survival of motor gous proteins that do not otherwise show these activities. Thus, M9 accesses a specific, signal-mediated, and neuron (SMN) gene (G. Dreyfuss). This has been identified as the determining gene for spinal muscular atrophy energy-dependent nuclear cycling pathway that mediates perpetual trafficking of proteins between the nu-(SMA), a fatal autosomal recessive disease causing progressive muscular wasting and paralysis (Lefebvre et cleus and the cytoplasm. Several hnRNP proteins contain a sequence very similar to M9 (e.g., A2 and B1), al., 1995). Dreyfuss described how the SMN protein is specifically localized in subnuclear bodies that are simiand other shuttling hnRNP proteins are likely to have additional NESs. One such novel NES, which bears no lar to coiled bodies in size and number, but are distinct structures that do not contain splicing snRNPs. They sequence similarity to M9, has now been found in the shuttling hnRNP K protein (Dreyfuss) . The NESs of the have been called gems, for Gemini of coiled bodies (Liu and Dreyfuss, 1996) . Future studies will be aimed at shuttling hnRNP proteins are likely to provide the link to the mRNA nuclear export machinery. The identificadiscovering the precise biolgical functions of coiled bodies, gems, and other classes of subnuclear bodies tion of the proteins with which these NESs interact is therefore an important step toward understanding the in which specific nuclear antigens concentrate. mechanism of nuclear mRNA export. A candidate M9-binding protein has been found that fulfills the criterion Nuclear Export of mRNAs and Spliceosomal snRNAs of specific interaction with wild-type M9 but not with transport-defective M9 mutants (Dreyfuss) . Further Heterogeneous nuclear ribonucleoprotein particle (hnRNP) proteins are abundant pre-/mRNA-binding procharacterization of this protein is now in progress. and the finding that a GTPase cycle is likely to be required for RNA export further highlights the requirement the cell does not normally use for nuclear export of mRNAs and which may not be subject to the surveillance for shared components for both nuclear import and export. Among the additional components now apparently system that recognizes introns. ϩ RNA in the nucleus. Although the pleiotropic nature of the mutations makes it unclear whether these proteins. Two major themes thus emerge from recent work on proteins have a primary role in RNA transport, the yeast genetic approach has potential to yield insight into the RNA transport. First, the RNA-binding proteins that are specifically associated with the RNAs play a cardinal mechanism of RNA export.
An exciting example of the cell's innovative use of the role in determining the localization and transport of the RNAs. In turn, the sequence of the RNA itself, as well same components for different pathways comes from work from the Mattaj, Gö rlich, and Laskey laboratories as the polymerase complex that forms it-and thus the specific promoters-determines the RNP proteins that on the nuclear export of U snRNAs (E. Izaurralde, EMBL, Heidelberg). U snRNAs (except for U6) are transcribed assemble on it. Second, many of the machineries that transport RNAs, both the soluble factors and the underby RNA polymerase II and acquire an m7G cap, to which the cap binding complex (CBC) binds. The CBC is comlying cellular structures (e.g., the NPC), are also involved in the transport of proteins both into and out of the prised of two subunits, CBP80, which contains a classical bipartite NLS, and CBP20, which contains a single nucleus. A reliable in vitro system for studying nuclear export of RNAs has not been developed, reported studies on picornaviral RNAs which are translated by a cap-independent mechanism that requires a degradation, and localization of transcripts. In addition, highly structured region of several hundred nucleotides the 5Ј and 3Ј terminal nuclear modifications of eukaryotic in the 5Ј UTRs of the viral RNAs, the internal ribosome mRNAs, the cap [ Finally, 3Ј-to-5Ј end communication forms the basis of that occupy a cap-proximal site. Thus, the IRE represents a polyadenylation control element that induces a a major pathway for mRNA degradation in S. cerevisiae. Both stable (e.g., PGK1 mRNA, t 1/2 ≈ 45 min) and unstable 3Ј end response from a 5Ј site. The alteration in poly(A) tail length was suggested to reflect a dynamic equilib-(e.g., MFA2 mRNA, t 1/2 ≈ 3.5 min) mRNAs decay along a pathway where 3Ј deadenylation is followed by 5Ј rium between adenylation and deadenylation in the cytoplasm, which may favor elongated poly(A) tails for decapping and subsequent 5Ј-to-3Ј exonuclease degradation ( ping enzyme is responsible for deadenylation-dependent and deadenylation-independent decapping. This UTRs of c-mos and other Xenopus mRNAs triggers the polyadenylation and subsequent translation of these suggests that differences in mRNA decay rates will be influenced by gene products that modulate the rates of transcripts during oocyte maturation (Stebbins-Boaz et al., 1996). A mouse CPEB homolog with 80% amino acid decapping by Dcp1p on different mRNAs. Two factors that modulate the rate of decapping of normal tranidentity to the Xenopus protein has recently been cloned (Richter) and is probably the regulatory factor that inscripts may be the mrt1 and mrt3 gene products. Mutations in these genes do not affect the enzymatic activity duces murine c-mos mRNA polyadenylation, leading to the translation of c-mos and progression from meiosis of Dcp1p as assayed in crude extracts or decapping of mRNAs with premature translational stop codons, but I to meiosis II (Gebauer et al., 1994) . The mechanism by which CPEB binding induces polyadenylation is still to modulate the rate of decapping of deadenylated transcripts and significantly prolong their half lives. Parker be defined, as is the pathway along which poly(A) tail suggested that mrt1 and mrt3 might influence the mRNP elongation promotes 5Ј translational initiation. However, structure in a way that exposes deadenylated mRNAs in maturing Xenopus oocytes, CPE-directed polyadenylto Dcp1p activity. ation is accompanied by 2Ј-O-ribose methylation of the two 5Ј terminal transcribed nucleotides. Mutations in the CPE or the hexanucleotide polyadenylation signal Conclusions and Perspectives A lot of exciting new data were presented during the that abolish polyadenylation also prevent cap ribose methylation and translational activation. Even when workshop and it is clear that considerable progress is being made in unravelling the mechanisms involved in polyadenylation occurs in oocytes treated with an analog inhibitor of methyltransferases, the resulting lack of RNA maturation, transport, and translation. Both genetic and biochemical approaches continue to identify new cap ribose methylation is paralleled by a lack of translational activation (Kuge and Richter, 1995) . Richter suggenes and gene products involved in mRNA formation and function and are helping to characterize the ways gested that cap ribose methylation may offer a competitive advantage for polysomal recruitment during oocyte in which specific RNA sequences and structures are recognized. We can anticipate a very detailed descripmaturation and speculated that the biochemical link between 3Ј polyadenylation and 5Ј ribose methylation tion of the factors involved in RNA polyadenylation,
